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a b s t r a c t
PEG/PLLA block copolymers bearing various number of arms were synthesized. The molecular weights of
PLLA in the block polymers were determined by 1H NMR and GPC. For 1-arm, 2-arm, 4-arm PEG/PLLA
block copolymers, DSC and WAXD results indicated that the different architectures and compositions of
the block copolymers didn't alter the structures of PEG and PLLA crystallites, but markedly affected the
crystallinities and melting temperatures of PEG and PLLA. The criticalMn, PLLA of each arm decreased with
the number of arms increasing (Mn, MPEG5-PLLA >Mn, 2PEG10-PLLA >Mn, 4PEG20-PLLA), when the PEG crystallites
were not detected. As Mn, PLLA of each arm was similar in the copolymers, Tm, PEG and XPEG decreased
gradually with the number of arms increasing, and the similar regularities also displayed for PLLA. The
crystallization behavior and the variation architectures of PEG/PLLA copolymers can provide primary
data to the applications in the drug delivery and industry parts.
© 2015 Elsevier Ltd. All rights reserved.
1. Introduction
Poly(lactide) (PLA), one of the most important biodegradable
polyesters, has great potential in many application ﬁelds such as
green plastics, tissue scaffold, biomedicine and so on, because of its
biocompatibility, low toxicity and good mechanical properties [1].
In contact to the petroleum-based plastics, such as polyethylene,
polypropylene and polystyrene, PLA can be produced from
renewable biomass [2]. Above all, PLA possessed good clarity,
relatively high modulus and strength, which can be compared with
the three widely used general-purpose plastics [3,4]. Nowadays,
more and more advantageous applications of PLA or PLA-based
materials are developed for industry and agriculture parts, which
are required to improve the thermal and mechanical properties of
this environmentally friendly polymer. It is well known that co-
polymers and blends are two common but effective approaches to
enhance the properties of polymer matrix [5,6]. Therefore, PLA
block copolymers have beenwidely concerned in recent years [7,8].
Such PLA block copolymers have been investigated, including PBS/
PLLA block copolymers [9e13], PCL/PLLA block copolymers
[14e18], and PEG/PLLA block copolymers [19e36] etc. Although
their synthesis, morphology, hydrolytic degradation and crystalli-
zation behavior have been widely studied in these block co-
polymers, there is still lack of knowledge about the interplay
between their properties and their different architectures of these
blocks, especially the crystallization behavior.
PEG/PLLA block copolymers are the most important biode-
gradable copolymer because the introduction of PEG component as
block is expected to adjust its hydrophobicity and improve its drug
release properties of PLLA, as well as enhance its degradation
resistance and physical properties. Till now, PLLA/PEG block co-
polymers bearing different architectures have been designed by
many researchers, including PEG/PLLA multiblock copolymer
[24e27], PEG-b-PLLA diblock copolymer [19e23], PLLA-b-PEG-b-
PLLA triblock copolymer [28,34e36], and star-shaped PEG-b-PLLA
block copolymer [29e33]. Because the primary application of those
block copolymers was intended for the controlled drug delivery
systems, there were relatively less investigations on their thermal
properties. Chin et al. [25] andWang et al. [26,27] synthesized PEG/
PLLA multiblock copolymers by polyesteriﬁcation reaction of PEG
and PLLA, and found that the crystallization behavior of each block
was affected by the composition of the copolymers and the crys-
tallization method. Yang et al. [23] reported the conﬁned
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crystallization behavior and nonisothermal crystallization kinetics
of PEG block under the inﬂuence of PLLA block length in PEG-b-
PLLA diblock copolymers, and they thought that PLLA block
increased the crystallization activation energy of PEG and provided
nucleating sites for the crystallization of the PEG block at the same
time. Shin et al. [35] carried out the morphological investigation of
PLLA-b-PEG-b-PLLA triblock copolymers, which indicated that PLLA
and PEG crystals adopted the same average orientation. Although
there are several works on applications of star-shaped block co-
polymers and their stereocomplexes, their thermal properties,
crystallization and melting behavior were few reported. Few pre-
vious reports addressed the differences of the thermal properties
among PEG/PLLA block copolymer bearing different architectures
until now. Moreover, the study of the thermal properties and
crystallization process are of great signiﬁcance for applications in
high-performance commercial materials and biomedicines as car-
riers and scaffolds, for PEG/PLLA copolymers.
PEG/PLLA block copolymer is one of double crystalline co-
polymers, but the melting temperature of PLLA block, Tm, PLLA, is far
above Tm, PEG (i.e., Tm, PLLA[ Tm, PEG). Because PLLA block and PEG
block are miscible in the molten state, PLLA block will start to crys-
tallize ﬁrst without any conﬁnements, but PEG block should crys-
tallize undera conﬁned conditionof theexistedPLLAcrystals [35,37].
As a result, the crystallization andmelting behavior of PLLA and PEG
blockmarkedly dependedon the compositionof the copolymers. But
it should be noticed that different architectures can obviously in-
ﬂuence the miscibility and crystallization behavior of crystalline
copolymers and blends [38,39], especially double crystalline block
copolymers. Because the different architectures could resulted in
different conﬁned conditions, though the molecular weights of
blocks are the same. Therefore, in this article, three series of PLLA/
PEG block copolymers were synthesized with various arms, and the
averagemolecularweightof PEG ineacharmwas thesameat theﬁrst
time. Then their thermal properties and melting behavior were
compared to each other, with the similar molecular weight of PLLA
and PEG in each arm. Exploring the effects of different structure and
composition of PEG/PLLA block copolymers on their physical prop-
erties will provide the basis data for their commercial applications.
2. Experimental section
2.1. Materials and synthesis
Poly(ethylene glycol) methyl ether (MPEG) with the number-
average molecular weight of 5 kg/mol and poly(ethylene glycol)
(PEG) with molecular weight of 10 kg/mol were purchased from
Aldrich. 4-arm poly(ethylene glycol) (4-arm PEG, Mn ¼ 20 kg/mol)
was bought from Chemical Business Unit Pharmicell Co., Ltd. (South
Korea). MPEG, PEG and 4-arm PEG were used as macroinitiators
and azeotropically dried with toluene for 6 h prior to polymeriza-
tion. L-lactide (L-LA) was obtained from Changchun SinoBiomate-
rials Co., Ltd. (China) and puriﬁed by recrystallization from ethyl
acetate for three times before used. Stannous octoate (Sn(Oct)2,
95%, Aldrich) was used as the polymerization catalyst as received.
MPEG-b-PLLA, PLLA-b-PEG-b-PLLA and 4-arm PEG-b-PLLA were
synthesized by the ring-opening polymerization of L-LA referenced
in the literature [40]. The products were puriﬁed by reprecipitation,
used dichloromethane as solvent and ethyl alcohol and diethyl
ether as precipitants. Then the puriﬁed products were absolutely
dried in vacuum at 60 C to constant weight before used.
2.2. Characterization
The molecular weights of PLLA in the copolymers were evalu-
ated by 1H NMR spectra, recorded on a Bruker AV 300 MHz
spectrometer. 1H NMR (300 MHz, CDCL3, ppm): 5.18 (q, 1H), 3.66 (s,
4H), 1.57 (t, 3H). Gel permeation chromatography measurements
(GPC) were performed in chloroform at 35 C with Waters instru-
ment. The 1H NMR and GPC results were shown in Table 1. In this
article, MPEG-b-PLLA, PLLA-b-PEG-b-PLLA were also called as 1-
arm and 2-arm block copolymers because of their number of
PLLA block, and code as MPEG-PLLA and 2PEG-PLLA, respectively.
And 4-arm PEG-b-PLLA was code as 4PEG-PLLA. Furthermore, the
number after PEG and PLLA were their molecular weights (round-
ing in brief).
The thermal properties of the copolymers were investigated
with a differential scanning calorimeter (DSC, TA Instrument,
Q100). DSC was carried out under nitrogen ﬂow (50 mL/min) at the
rate of 10 C/min from 70 C to 200 C. The cooling scans and the
second heating scans were recorded. In order to ensure the reli-
ability of the DSC tests, the heating ﬂow and temperature were
calibrated with pure indium in advance. The temperature ranged
from 20 C to 200 C for pure PLLA and from 70 C to 100 C for
pure PEG at the rate of 10 C/min in the DSC scans.










The DHPLLA and DHPEG (fusion enthalpy) were calculated from
the DSC second heating thermograms, and uPLLA and uPEG were
referred to their weight fraction. 94 J/g [41] is the reported value of
fusion enthalpy for 100% crystallized PLLA and 197 J/g [42] is that
for PEG.
A Bruker D8 Advance X-ray diffractometer was used for the
Wide angle X-ray diffraction (WAXD) measurement, using Cu Ka
radiation (1.54 Å) as the incident X-ray beam. The 2q angle ranged
from 10 to 30 with a rate of 2 C/min at room temperature.
Table 1
Characterization of 1-arm, 2-arm, 4-arm PEG-PLLA block copolymers.
Mn, PEG (kg/mol) Mn, PLLAa (kg/mol) PDIb
MPEG5-PLLA2 5.0 2.0 1.23
MPEG5-PLLA4 5.0 3.6 1.11
MPEG5-PLLA9 5.0 9.0 1.21
MPEG5-PLLA15 5.0 15.4 1.16
MPEG5-PLLA20 5.0 20.0 1.36
MPEG5-PLLA28 5.0 27.8 1.27
2PEG10-PLLA4 10.0 3.8 1.05
2PEG10-PLLA8 10.0 8.0 1.06
2PEG10-PLLA17 10.0 16.9 1.13
2PEG10-PLLA28 10.0 28.1 1.16
2PEG10-PLLA38 10.0 38.4 1.30
2PEG10-PLLA46 10.0 46.1 1.35
4PEG20-PLLA9 20.0 9.0 1.06
4PEG20-PLLA17 20.0 16.8 1.06
4PEG20-PLLA37 20.0 37.0 1.16
4PEG20-PLLA55 20.0 55.2 1.24
4PEG20-PLLA73 20.0 72.8 1.34
4PEG20-PLLA95 20.0 94.8 1.19
a Calculated from the integration of 1H NMR signals.Mn, PLLA¼Mn, PEG/(PEG/PLLA)/
(44/72).
b Determined by GPC.
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3. Result and discussion
3.1. MPEG5-PLLA block copolymer
Fig. 1 showed the DSC second heating thermograms of MPEG5-
PLLA copolymers. It was seen that all the copolymers had one
endothermic peak higher than 100 C, which was assigned to PLLA
crystallites. If Mn, PLLA was 2.0 kg/mol, due to the high mobility of
PLLA block, the melt process of PLLA was very broad and the
crystallinity of PLLA (XPLLA) was relatively low, which indicated less
crystallites and disorderly lattices. However, there was a lower
temperature shoulder of the PLLA melting peak with Mn, PLLA
increasing, which could be attributed to the lamellar reorganization
or melting/recrystallization [35,43]. The melting temperature of
PLLA (Tm, PLLA) and the crystallinity of PLLA (XPLLA) estimated from
Fig. 1a were plotted as a function of Mn, PLLA in Table 2. When the
molecular weight of PLLA (Mn, PLLA) increased from 2.0 to 27.8 kg/
mol, Tm, PLLA monotonically increased, but Tm, PLLA of MPEG5-PLLA28
were also lower than that of pure PLLA with similar molecular
weights (shown in Fig. 1), because of the connected PEG block,
which enhanced the mobility of PLLA chain, resulting more difﬁ-
culties for PLLA chain to package into the crystal lattice and the
decrement in the crystalline layer thickness of PLLA. Nevertheless,
XPLLA increased ﬁrst, but decreased then if Mn, PLLA continued
increasing. Because the increasing Mn, PLLA could enhance the
entanglement and viscosity of PLLA chain, which not only acceler-
ated the formation of stable nuclei, but also decreased the mobility
of PLLA chain, which suppressed the growth of PLLA crystallites.
The highest XPLLA (65%) was obtained whenMn, PLLA was 3.6 kg/mol
(MPEG5-PLLA4).
As shown in Table 2, the melting point and the crystallinity of
PEG (Tm, PEG and XPEG) in the MPEG5-PLLA copolymers were lower
than that of pure MPEG5. Due to Tm, PEG far below Tm, PLLA, the PEG
block crystallized sequentially in the conﬁnement of the existed
PLLA crystallites in the cooling process, and the PEG block crystal-
lized not only in the interlamellar regions but also in the interﬁ-
brillar regions of PLLA crystallites [37], which heralded that the PEG
crystallization was suppressed by PLLA block. When Mn, PLLA
increased from 2.0 to 27.8 kg/mol, the melting process of PEG
became broader, and Tm, PEG and XPEG generally decreased gradually,
and the PEG crystals eventually disappeared whenMn, PLLA reached
27.8 kg/mol, which could be ascribed to the conﬁnement of PLLA
block enhanced with Mn, PLLA increasing.
Fig. 2 showed the WAXD proﬁles of pure MPEG5 and MPEG5-
PLLA block copolymers. It was well known that several diffraction
peaks of PLLA a-form crystal appear at 15, 16.7, 19.1, 21, 22.5
and 27.4 (X-ray wavelength at 1.54 Å), which correspond to (010),
(110/200), (203), (204), (210) and (207) planes [37,44]. And the
characteristic diffraction peaks were observed at 19.3 and 23.5 for
pure MPEG5 (Fig. 2). For the WAXD proﬁle of MPEG5-PLLA2, three
intense peaks were observed at 16.8, 19.3 and 23.5. When Mn,
PLLA increasing, especially more than 4 kg/mol, the diffraction peak
of PLLA crystallites became dominated gradually, so the peak at
19.3 of PEG shifted to 19.1, assigned to 203 plane for PLLA a-form
(or a0-form) crystals; and the diffraction peak at 23.5 becameweak
and disappeared ﬁnally when Mn, PLLA approached to 28 kg/mol,
indicating that the PEG crystallites could not be detected byWAXD,
which was in good agreement with the DSC results mentioned
above. At the same time, a relative weak peak at 22.5 enhanced
gradually with Mn, PLLA increasing from 2.0 to 27.8 kg/mol, which
was the typical diffraction peak of PLLAa-form crystal, and it was
conﬁrmed that PLLA block crystallized in ordered a-form during
the cooling process. Therefore, the X-ray diffraction peak positions
of MPEG5-PLLA copolymers were just the combine of the peak
position from PLLA and PEG. It indicated that the crystal structures
for both PLLA and PEG crystals could not be affected by the chain-
connectivity and the block copolymer composition.
3.2. 2PEG10-PLLA and 4PEG20-PLLA block copolymers
Fig. 3 showed the second DSC heating scans of 2PEG10-PLLA
(Fig. 3a) and 4PEG20-PLLA (Fig. 3b) samples. The same to MPEG5-
PLLA samples, Mn, PEG of each arm remained constant (5.0 kg/mol)
for 2PEG10-PLLA and 4PEG20-PLLA block copolymers. Generally, it
Fig. 1. DSC curves of MPEG5, PLLA and MPEG5-PLLA block copolymer with differentMn,
PLLA.
Table 2
Melting temperature and crystallinities of PEG and PLLA in the MPEG5-PLLA block
copolymers.
PLLA PEG
Tm, PLLA/C XPLLA Tm, PEG/C XPEG
MPEG5-PLLA2 133.2 0.38 57.3 0.76
MPEG5-PLLA4 154.8 0.65 55.4 0.69
MPEG5-PLLA9 163.5 0.63 48.7 0.61
MPEG5-PLLA15 166.6 0.61 36.7 0.38
MPEG5-PLLA20 167.2 0.58 37.4 0.20
MPEG5-PLLA28 168.5 0.55 e 0
Fig. 2. WAXD proﬁles of MPEG5 and MPEG5-PLLA block copolymers.
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was seen that all the samples possessed an endothermic peak
higher than 100 C, belonged to the melting of PLLA crystals. The
melting temperatures and crystallinities of PLLA and PEG were
calculated from Fig. 3 and shown in Table 3. Generally, PLLA and
PEG crystallization strongly depended on theMn, PLLA in the 2PEG10-
PLLA and 4PEG20-PLLA block copolymers, whichwere conformed to
MPEG5-PLLA block copolymers. It could be seen that XPLLA also
increased ﬁrst then decreased slightly with Mn, PLLA increasing, for
the 2PEG10-PLLA and 4PEG20-PLLA block copolymers, due to the
enhanced the entanglement and viscosity. And the highest XPLLA
was 58% obtained at 2PEG10-PLLA17, while the value was slightly
lower in the 4PEG20-PLLA block copolymers (53%, 4PEG20-PLLA37).
Table 3 also showed the melting temperatures and crystallinities of
PEG in the 2PEG10-PLLA and 4PEG20-PLLA block copolymers.
Similar to MPEG5-PLLA block copolymers, Tm, PEG and XPEG mono-
tonically decreased with Mn, PLLA increasing, and PEG crystallites
disappeared when Mn, PLLA reached a critical value, about 38.4 kg/
mol (2PEG10-PLLA38) for 2PEG10-PLLA and 72.8 kg/mol (4PEG20-
PLLA73) for 4PEG20-PLLA block copolymers.
Fig. 4 showed the WAXD proﬁles of 2PEG10-PLLA (a) and
4PEG20-PLLA (b) block copolymers. For 2PEG10 and 4PEG20, the
intense diffraction peaks also appeared at 19.3 and 23.5, indicated
that the different architectures had no effect on the crystalline
structure of PEG crystals. In our case, with Mn, PLLA increasing, PEG
crystallization was suppressed and PLLA crystallization was
enhanced simultaneously, as a result, the peak at 19.3 and 23.5
decreased, and the diffraction peaks at 16.7, 19.1, 21, 22.5
enhanced. Similar to MPEG5-PLLA block copolymers, there was also
a relative weak peak at 22.5, the typical diffraction peak of PLLAa-
form crystal, implied that PLLA block crystallized in ordered a-form
during the cooling process, for 2PEG10-PLLA and 4PEG20-PLLA block
copolymers. Thus, it was conﬁrmed that the crystal structures for
both PLLA and PEG crystals were not altered by the chain-
connectivity, the block copolymer composition as well as the
different architectures.
Fig. 3. (a) DSC curves of 2PEG10-PLLA block copolymers; (b) DSC curves of 4PEG20-
PLLA block copolymers.
Table 3
Melting temperature and crystallinities of PEG and PLLA in the 2PEG10-PLLA and
4PEG20-PLLA block copolymers.
PLLA PEG
Tm, PLLA/C XPLLA Tm, PEG/C XPEG
2PEG10-PLLA4 131.72 0.53 53.23 0.55
2PEG10-PLLA8 152.25 0.57 46.63 0.45
2PEG10-PLLA17 162.72 0.58 36.99 0.31
2PEG10-PLLA28 165.93 0.58 31.66 0.15
2PEG10-PLLA38 167.94 0.55 e 0
2PEG10-PLLA46 167.44 0.54 e 0
4PEG20-PLLA9 127.51 0.26 46.51 0.51
4PEG20-PLLA17 149.78 0.48 40.24 0.35
4PEG20-PLLA37 160.72 0.53 27.71 0.22
4PEG20-PLLA55 164.42 0.51 25.65 0.04
4PEG20-PLLA73 166.83 0.51 e 0
4PEG20-PLLA95 166.68 0.49 e 0
Fig. 4. (a)WAXD proﬁles of 2PEG10 and 2PEG10-PLLA block copolymers; (b): WAXD
proﬁles 4PEG20 and 4PEG20-PLLA block copolymers.
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3.3. Thermal behavior of MPEG5-PLLA, 2PEG10-PLLA and 4PEG20-
PLLA block copolymers with similar molecular weight in each arm
Fig. 5 showed the melting temperature and crystallinities of
PLLA block as a function Mn, PLLA of each arm. The different archi-
tectures of block copolymers exhibited the different crystallization
and melting behaviors. If the length of PLLA chain in each arm was
similar, Tm, PLLA of PEG5-PLLA, 2PEG10-PLLA and 4PEG20-PLLA were
almost the same, especially whenMn, PLLA of each branch was more
than 20 kg/mol (Fig. 5a), which indicated the different architectures
have little effect on the melting temperature of PLLA block. How-
ever, the differences were evident for the crystallinities of PLLA
block. When Mn, PLLA of each arm more than 4 kg/mol, XPLLA
decreased gradually when the number of arms copolymers
increasing i.e., XPLLA, MPEG5-PLLA > XPLLA, 2PEG10-PLLA > XPLLA, 4PEG20-PLLA,
(Fig. 5b). The decrement of XPLLA betweenMPEG5-PLLA and 2PEG10-
PLLA block copolymers were ascribed to the chain-connectivity,
because the two PLLA chains of 2PEG10-PLLA could conﬁned each
other to package regularly, which were connected by the PEG chain.
For 4PEG20-PLLA block copolymers, XPLLA continued decreasing, due
to the huge steric hindrance of 4PEG20-PLLA block copolymers.
However, if Mn, PLLA continued increasing, XPLLA of these series of
block copolymers would closed to each other, indicating that the
effect of chain-connectivity and steric hindrance on XPLLA decreased
as the length of PLLA chain became longer. In addition, the crys-
tallization temperature and crystallization enthalpy of PLLA (Tc, PLLA
and DHc, PLLA), which were calculated from Fig. S1a,b,c, were shown
in Fig. S2a,b, as a function ofMn, PLLA of each arm. Tc, PLLA andDHc, PLLA
decreased with the number of arms increasing of the three series of
block copolymers, when Mn, PLLA per arm was similar, which were
generally agreed with the regularities of Tc and XPLLA. But it was a
surprise that XPLLA of 2PEG10-PLLA4 was higher than that of MPEG5-
PLLA2 and 4PEG20-PLLA9, which was different from the generally
regularities above. The differences could be ascribed to the lamellar
the lamellar reorganization or the melting/recrystallization [35,43]
of PLLA chains during the heating scans, which may affect the ac-
curacy of XPLLA, because of the relative high mobility of PLLA chains
when Mn, PLLA was very low (ca. 2 kg/mol per arm). As Mn, PLLA
increasing, the entanglement and viscosity enhanced greatly, and
the effect of lamellar reorganization or the melting/recrystalliza-
tion of PLLA chains on the calculation of XPLLA decreased. Accord-
ingly, the generally regularities of Tm, PLLA and XPLLA were agreed
with that of Tc, PLLA and DHc, PLLA.
Fig. 6 showed Tm, PEG and XPEG of these block copolymers as a
function ofMn, PLLA of each arm.When themolecular weight of each
arm of MPEG5-PLLA, 2PEG10-PLLA and 4PEG20-PLLA were similar,
the Tm, PEG and XPEG decreased with the increasing number of arms.
Above all, it should be noticed PEG crystallites disappeared at last
for all PEG5-PLLA, 2PEG10-PLLA and 4PEG20-PLLA block copolymers
(showed in Fig. 6b by arrows). As mentioned above the critical Mn,
PLLA for 2PEG10-PLLA (ca. 38.4 kg/mol) and 4PEG20-PLLA block co-
polymers (ca. 72.8 kg/mol) was larger than that for MPEG5-PLLA
Fig. 5. (a) Tm, PLLA of MPEG5-PLLA, 2PEG10-PLLA, 4PEG20-PLLA block copolymers as a
function of Mn, PLLA of each arm; (b) XPLLA of these series of block copolymers as a
function of Mn, PLLA of each arm.
Fig. 6. (a) Tm, PEG of PEG5-PLLA, 2PEG10-PLLA, 4PEG20-PLLA block copolymers as a
function of Mn, PLLA of each arm; (b) XPEG of these series of block copolymers as a
function of Mn, PLLA of each arm.
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block copolymers (ca. 27.8 kg/mol) as PEG crystallites were not
detected; Nevertheless,Mn, PLLA of each branchwas ca.19 kg/mol for
2PEG10-PLLA and ca. 18 kg/mol, which was lower than that for
MPEG5-PLLA. So this critical Mn, PLLA decreased with the number of
arms increasing: Mn, MPEG5-PLLA > Mn, 2PEG10-PLLA > Mn, 4PEG20-PLLA.
In order to discuss the differences of PEG crystallization among
MPEG5-PLLA, 2PEG10-PLLA and 4PEG20-PLLA block copolymers, a
schematic mode of conﬁned environment of PEG in block co-
polymers was suggested by us, as shown in Fig. 7. It was known that
PEG crystallization took place under the conﬁnement of PLLA
crystallites in the cooling process, and the different conﬁnement
environment must have greatly inﬂuence on the PEG crystalliza-
tion. Fig. 7a showed the possible mode of the conﬁned crystalli-
zation of PEG in MPEG5-PLLA block copolymers. During PEG
crystallization process, one end of PEG chains were ﬁxed by PLLA
crystallites via covalent bond for MPEG5-PLLA; but for 2PEG10-PLLA
and 4PEG20-PLLA block copolymers (Fig. 7b and c), both two ends
were restricted and themobility reduced sharply. As a result, Tm, PEG
and XPEG of MPEG5-PLLA were higher than those of 2PEG10-PLLA
and 4PEG20-PLLA. Furthermore, Tm, PEG and XPEG of 4PEG20-PLLA
continued reducing, which was resulted from the huge steric hin-
drance of the block copolymers. As Mn, PLLA increasing, the
conﬁnement for PEG could be enhanced by the PLLA crystallites,
and it is more difﬁcult for PEG to package into the crystal lattice,
and PEG crystals would be not detected at last. These results
implied that both the different architectures andmolecular weights
markedly inﬂuenced the crystallization behaviors of PLLA and PEG
blocks, respectively.
4. Conclusions
In this work, MPEG5-PLLA, 2PEG10-PLLA and 4PEG20-PLLA block
copolymers were synthesized by ring-opening polymerization. 1H
NMR, GPC, DSC and WAXD were employed to investigate the
composition, thermal properties, and crystal structures of the block
copolymers bearing different architectures. Variational composi-
tions and architectures of block copolymers showed different
thermal properties of PLLA and PEG blocks. Through our in-
vestigations, it can be concluded as follows:
1. The crystal structures of both PLLA and PEG crystals were not
altered, regardless of their chain-connectivity, composition as
well as the different architectures of the block copolymers.
2. As the molecular weight of PLLA increasing, Tm, PLLA increased
but XPLLA increased ﬁrst and decreased then, for all MPEG5-PLLA,
2PEG10-PLLA and 4PEG20-PLLA block copolymers. The highest
XPLLA was 65% (MPEG5-PLLA4) for MPEG5-PLLA, and 58%
(2PEG10-PLLA17) for 2PEG10-PLLA, and 53% (4PEG20-PLLA37) for
4PEG20-PLLA block copolymers. At the same time, Tm, PEG and
XPEG decreased monotonously and disappeared eventually.
3. When the molecular weight of PLLA of each arm reached a
critical value, the PEG crystallites would disappeared. The crit-
ical Mn, PLLA decreased with the number of arms increasing: Mn,
MPEG5-PLLA > Mn, 2PEG10-PLLA > Mn, 4PEG20-PLLA.
4. When the molecular weight of Mn, PLLA of each branch was
similar in MPEG5-PLLA, 2PEG10-PLLA and 4PEG20-PLLA block
copolymers, Tm, PLLA and XPLLA decreased with the number of
arms increasing from 1 to 4, but the differences among them
decreased with Mn, PLLA increasing; Tm, PEG and XPEG also
decreased gradually.
Through these studies, it could provide guidance for branched
PLA/PEG block copolymers and supply bases for their applications.
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